There is a paucity of information on the autecology of Opuntia. Germination studies yield basic ecological information on requirements for propagation by seeds and subsequent development and establishment of seedlings. Such information can enhance development of more effective control practices by determining when germination occurs so biological, chemical, or mechanical control practices may be properly timed. Also, knowledge of temperatures and seed treatments necessary for germination assesses the germination potential of seeds. This information provides insight of the potential for establishment or reinvasion into uninfested areas or areas on which pricklypear has been controlled. This study was initiated to determine, in controlled environments, the germination requirements of three common species of Opuntia in western Texas. ' 
MATERIALS AND METHODS
Three seed lots were collected in the fall of 1979 and five in the fall of 1980 for use in germination trials. The seeds of two of the 1979 collections were separated from the fruits after the fruits were allowed to air dry at room temperature (20 C) for several weeks (AD= air dried). Seeds of the other 1979 lot were removed from the fruits after they had overwintered outdoors on the soil surface ( Five replications of 25 seeds for each seed treatment were placed in controlled environmental chambers for each temperature trial in both studies. Seeds for each replicate were placed on filter paper in a petri dish to which 8 ml of distilled water were added. Petri dishes were placed on moist paper towels in closed glass boxes. The imbibition and leaching treatments were terminated just prior to the start of a trial. All seeds were germinated in the dark but were periodically exposed to light when germination was evaluated. All seed were treated for 1 min with 0.5% (w/v) sodium hypochlorite solution to control fungi and were then rinsed thoroughly with tap water before being placed in the petri dishes. Germination was checked daily during the 14-day trials and weekly during the 28-day trials. Additional water was added to the dishes as needed. Seeds in both studies were considered to have germinated when the length of the extruded radicle or cotyledons exceeded the length of the seed (2.6 to 4.4 mm).
Analyses of variance were conducted on percent germination transformed by sin-1. Analyses were conducted separately for each accession in each study by a split-plot design, with temperature regime as the whole-plot effect and seed treatnents as the subplot effect. Five replications (dishes) for each seed treatment within temperature regimes formed the nested interactions for the error terms. If no germination occurred for a given seed treatment at all temperature regimes tested, this treatment was excluded from the analysis. Similarly, if no germination occurred under a given temperature regime for all seed treatments tested, this temperature regime was excluded from the analysis. Mean separations were conducted by LSD tests at the 5% level. Treatments and temperatures which produced low germination are excluded from the tables for brevity. Taxonomic nomenclature of Opuntia follows the recent revisions by Grant and Grant (1). RESULTS 0. edwardsii. Germination of 0. edwardsii was generally low during the 14-day trials (Table 1) . For the 14-day trials, germination of seeds that were collected in 1980 was 2% or less in all treatments and temperatures (data not shown). Maximum germination of seeds collected in 1979 (22%) occurred at 30C following 45-min acid scarification. Germination of the 1979 seeds was significantly greater at 30 C than at other temperatures. Either 45-or 60-min acid scarification produced significantly greater germination than any other seed treatment tested for the 1979 seeds of 0. edwardsii.
For the 28-day trials, constant temperature regimes of 30 or 35C produced the greatest germination response for the 1980 0. edwardsii seeds (Table 1) . Alternating temperature regimes did not significantly enhance germination over that of optimum constant temperatures (data not shown). Maximum germination (10%) occurred at 35 C following 30-min acid scarification. The 30-or 60-min acid scarification treatments significantly increased germination of 0. edwardsii seeds over that of untreated seeds or those which received any other seed treatment. 0. discata. More seeds of 0. discata germinated over a wider range of temperatures and seed treatments than those of any other accession (Table 2) . Maximum germination during the 14-day trials (48%) occurred at 25 C following 60-min acid scarification. Optimum constant temperature regimes were 25 and 30 C during the 14-day trials whereas 30 and 35 C were optimum regimes during the 28-day trials (Table  2) . Acid scarification of 30 min or longer significantly increased germination above that of untreated seeds during the 14-day trials. Maximum germination during the 28-day trials (83%) occurred at 20C in seeds that were acid scarified for 30 min, but this was not significantly different than that which occurred at 15, 25, 30, 25/15, or 30/15 C temperature regimes following 30-min acid scarification. In addition to the 30-and 60-min acid scarification treatments, the leaching treatments generally increased germination of 0. discata seeds over that of untreated seeds at 25, 30, and 35 C constant temperature regimes. However, 12-or 24-h leaching treatments did not significantly increase germination over that of untreated seeds when averaged over all temperature regimes (Table 2) . 0. lindbeimeri. Maximum germination of the 1979 AD seeds of 0. lindbeimeri during the 14-day trials occurred at 25C (21%) following 60-min acid scarification but this was not significantly different from that which occurred at 30 C (18%) ( Table 3 ). The optimum constant temperature regime for the 1979 AD seeds was 30C during the 14-day trials. Avg. 3 and 4) . However, the responses of these seed lots differed with respect to seed treatments. The optimum constant regimes for the OD lots were 30 and 35 C for the Tom Green and Coleman County lots, respectively (Tables 3 and 4) . Alternating temperature regimes did not significantly increase germination of the OD lots above that of the optimum constant temperature regimes. Germination of the Coleman County IG lot was greatest at 35 C but this was not significantly different than that which occurred under the 25/15 C alternating temperature regime (Table 4) . Acid scarification for 30 min significantly increased germination of the 1980 Tom Green County accession over all other seed treatments (Table 3) , whereas germination of the Coleman County OD lot was significantly increased by 30-, 60-, or 90-min acid scarification (Table 4) . Acid scarification for 60 min resulted in the highest germination of the Coleman County IG lot (Table 4 ). The 12-h leaching treatment tended to increase germination of both OD lots over untreated seeds, but this increase was only significant for the Coleman County OD seeds at 25 and 30C (Table 4) . Leaching did not affect germination of the seeds of 0. lindbeimeri that had passed through the digestive tract of cattle (data not shown).
DISCUSSION
The acid scarification treatments in the 28-day trials were more severe than those of comparable duration in the 14-day trials because seeds for the 28-day trials were constantly agitated whereas seeds for the 14-day trials were only occasionally stirred in the acid. However, the consistency with which acid scarification increased germination indicates that an impermeable seed coat prevents rapid germination of pricklypear seeds.
Acid An intraspecific comparison of drying methods is only possible with the two 1979 lots of 0. lindheimeri. Seeds from fruits which had overwintered on the soil surface (data not shown) had lower germination percentages than seeds removed from ripe fruit the previous fall and air dried (AD) ( Table 3) . This suggests that germinability may be reduced when seeds dry within intact fruits. However, if fruits are ingested by animals they are gleaned of most of the pulpy fruit mass when deposited in feces. Timmons (6) reported that total germination of 0. macrorhiza seeds ingested by jackrabbits (Lepus californicus) increased by 50% compared to seeds removed from ripe fruits. In this study, germination of 0. lindheimeri seeds recovered from cattle feces (6%) was 1.5 times greater than seeds removed from ripe fruits (4%). Maximum germination of the seeds collected from cattle feces (48%) was almost 1.5 times greater than maximum germination of uningested seeds (33%).
Results of these laboratory studies suggest Opuntia seeds may germinate when soil temperature exceed 25 C. In western Texas, surface soil temperatures are generally above 25 C from April to October. However, there are occasional days during the November to March period when surface soil temperatures reach this level. Opuntia seeds are generally slow to germinate. Usually 4 to 7 days are required for any germination to occur, and maximum germination usually does not occur for 2 weeks or longer. This suggests that ample soil water may be necessary for periods of a week or longer before germination will occur. Although no tests of the duration of viability of Opuntia seeds were made in this study, the impermeable nature and apparent presence of chemical germination inhibitors in the seed coats of these species suggests that pricklypear seeds may remain dormant in the soil for considerable periods of time. Therefore, pricklypear may reinfest areas from seed where mature stands have been controlled. Also, as is the case with many species of undesirable plants, wild and domestic animals may disseminate Opuntia seeds to uninfested pastures, or pastures on which it has been controlled. These seeds, thus disseminated, have greater germinability than seeds not passed through animal digestive systems.
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